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THE EFFECTS OF HUB DRAG, SOLIDITY, DUAL
ROTATION, AND NUMEER OF BLADES UPON THE
EFFICIENCY CF HIGH~PITCH PROPELLERS

By Blliott G, Reld

SUMMARY

This report deacribes an iInvestigation of the effects of
hub drag, solidity, éual rotation, and number of biades upon the
efficiency of high-pltch propellers,

Preliminary tests rade with six-blade propeliers demcnstrated
that elightly greater efficiencies wzre obtained with a spinner of
0,12D than with ons cf 0,28D.

Two-, three-, four-, and six-blade single-rotating propellers,
and four- and six-blade dual-rotating propellers, equipped with
spinners of the smaller size, were then tested at blade angles of
359 to 650 at 0.75R. Comparison of the results with thoge of
previovs tests made with bare hubs roveal substantial increases of
thrust, very small eflects upon powe:r, and marked improvements in
efficiency., These improvements increase with V/nD and are greater
for single- than for dual-rotation models,

The effects of solidity, dual rotaticn, and number of blades
vpon the performance characteristics of constant-speed propellers
with spinners are anzlyzed by a new method, With such propellers,
it is found that marked Improvements in take off and climbing
pzrformance can be cbtainel by increasing sclidity and introducing
dual rotation, and that rcduction of the number of blades - accom-
panled by compensating increase of width - has a beneficial,
rather than adverse, effect at low speed and a negligible one at
high speed.

The general conclusion is drawn that blade loading 1s a more
reliable index of propeller performance than is disk loading.



INRODUCTION

Two previous Stanford investigations of tandem (dual rctation)
propellers are described in references 1 and 2; the hubs of the
mcdels used in these experimants were fully exposed. Other tests
of =cme of the same medels (reference 3) have demonstrated that
gubstantial beneficial effects are obtained by enclosing the hubs
within small spimners. Fuil-scale tezts (reference 4) substan-
tiate these results and indicate that the inflvence cof hub dirag
increases with the pitch of the propeller.

Since the apparent superiority of the tandem arrangement over
the conventional one also ircreased with pitch when the hubs were
unshielded, it was considered desirable tc undertaks a broad in-
vegtigation of the effectg of hub drag upon the efficiency of high-
pitch propellers of both single- and dnal-rotating types., And, as
such an investigation would neccessarily involve most of the experi-
mental work required for analyeis of the effects of solidity, dual
rotation, end number of blades upcn propulsive efficiency, a slight
enlargement of the program enabled the inclusion of tihicse cobjectives.

Precented in this report are the results of thesc experiments
wirich were carried out for the NACA in the Guggenheim Aeronautic
Laboratory of Stan®ord University.

APPARATUS AND METHOD

Wind tvnnel and dynamometer, - The 7-1/2 foot Eiffel-type
trmne]. and bhe dynamometer used for these tests have been described
in relerence 1., The dynamometer enables determination of the total
thrust and the torque of each member of a tandem combiration; its
shroading was slightly medified during the present tests to blend
smocthly into the lines of the spinners, which were attached to the
modsl propeilers.

)
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Model propellers. - The blades of the models ugcd in these
experiments were of NACA typs E and have been used in several
previcus investigations. (See references 1, 2, 3, and 5.) Their
general. appearance is illustrated by figures 1 to 5; blade-form
curves are given in figure 6 and a complete drawing may be found
in reference 5. The fact that the shanke of these blades have
stresamline profiles should be noticed particularly because this
feature has such an important bearing upon the question of optimum
gpinner diameter,




All of the models were 36 inches in dlameter, Attention is
called to the uniformity of size becavse previocusly tested six-blade
models have been 37 inches in diameter; this irregulerity was
eliminated by reconstruction of the six-way hub, In all but two
special models (used to investigate the effect of mmber of blades
with fixed solidity) the blade width was thats defined by the b/D
curve designated E in‘flgure 6; at corresponding radii, the chords
of the wider blades, E and E" were, respectively, 4/o and 3/2
thoge of the FE Dblades. All biade-angle values refer to the ssc-
tion at 0.75R.

Spinners, - Spimners of two sizes were tested; their forms are
illustrated | by figvres 1 to 5. Tha forvward sectlonq were halves of
ellipsoids of revelution arnd the rear sections were clrcular cylinders.
The half-ellipsoids had axial lengths cequal to thelr maximum diameters
which were 4.25 inches (0.118D) and 10.00 inches (0.278D). The planes
of rotation of single propellers and those of the forward members of
tandem combinations weve located 3,625 inches (0.101D) aft of the
bascs of the ellipscidal noses. The concentric dynsmomctor shroude
glightly overlapped the spimmers, cleared them radially by ©.05 inch
and terminated 2.2 l1nches aft of the plane of rotation of the single
propellers and 1,4 inches aft of the piane of the rear propsller when
two were mounted in tanden.

The small spimmers had the minimum diameter which would permit
encloaure of ths hubsg; they were plerced with holes just large cnough
to admit the circular blade shanks and the butts of the blades
touched the spinners when get at large angles, (Sce fig. 4.) The
large spinners enclossd considerabls porticns of the blades and the
diameter of the circular apertures was thersiore slightly greater than
the tlade chord, All of the spinners had internal dilapnragms which
prevented centrivgal pumping action, that is, drawing air from the
base o7 the gpinner and discharging it throughk the blade apertures,
To provide gtrictly comparable blade-root corditions, the apertures
in the large spinners wcre closed with cellophane tape and when small
spiﬂncrs were used the irregularities at the roots of +the blades wers

“illed with plasticine., The tcrms "plain" and "filleted" blade roots
arc uged tc distinguish the conditions iltustrated by figures 4 and
9, respcectively,

Tests., - To determine the effccts of spinner diameter, pre-
liminary tests vere made with six-blade model propellers whlch wore
fitted successively with the large and small spinners, In the casec
of the small one, tests wore made at blade angles of 359, 459, 550
and 65C with plain blade roots and at 45C and 650 with filleted roots.



The blade apertures in the large spinner were closed during tests
madc with blade angles of 350, 450, 550, and 650 but the offecta of
opening them were determined for SCtu]DgS of 45° and 659,

The results of the toregoing toests demonstrated that with com-
parable conditions at the blade roots, that is, filleted roots with
the small °pinﬂmr and closed blade apcrturss with the ]%rge one,
the small spinner was slightly superior at all blade angics. Spimncrs
of ¢,116D were therefore vecd to complete the following program of
tests:

Tttt ; Plade o, of i B
Arrangemcnt L o | Blades | B at 0.75R (dug)
—————————————————— f—-—- --—---c-:f-——-- - - TR v h o  n - W% A am Y G W s A e A e WS e e
Single rctation % B ! 6 i 35, “45, 55,765
! .
. . | - ”
Singlc¢ rotation } E <4 35, 145, 05,105
i
Dual rotation2 | I 6 35, 45, 55
i
Dunl rotation® | L 4 35, 45, 55,65
Single rotation | 5 *3 35, 45, 5, 65
Single rotation ! B 83 | 35, 45, 55,65
j i
) 4 1
Singlc rotation ! n 2 | 35, 45, 55, 65
----------------- - S o --—L---—-‘--—--—&-4-—-—---—---------——--‘----

1Tndicates that an additicnal test was made with fillcted bladc
rocts,

bladc angles

ZBlade angles are thosc of forvard (r.h.) propel’c :
thoge gpccified in

of rear (l.h.) propeller were identical with 1
reference 2, 1. 6.

(r.h.) 35 45 55 65 deg
B (l.h.) 34.3 43.8 53.1 62.5 deg

®and * identify propellers of oqual soliditics.



Tests were made in accordance with the usual Stanford laboratory
practice of driving model propcllers at constant rotatlve gpeeds and
varying V/nD by altering the wind specd. The rotative speeds
utilized for tests made with blade angles of 35%, 459, 55°, and 65°
were approximately 1500, 1100, 865, and 625 rpm, respectively. These
velucp are substantially equal to those used for the same blade set-
tings in the tests covered by rcfersnces 1, 2, and 3, Two complete
tests were made with cach model at each blade setting; the velocities
uged in the sccond were intentionally staggerod with respect to those
of the first, and blade angles were checked between tests. This
somewhat unconventional technique yivlded very gratifying results;
it led to the dlscovery of one srrcr in biadec aztting, to unusually
precise definition of discontinuities {e.g. the break in the Cp
curve for the E" blades at 350), and to the discovery of some
hysteresis effects upon the characteristics of dual-rotating pro-
pellers vwhen set at 55°,

The only entirsly new eolement of testing procedure adopted for
thesc experiments was the observation and regulation of the prcssures
on the backs of the spimners. This was relatively unimportant in the
case of the small spinner but seriocusly erronezus thrust readings
would have been recorded if no attention had been paid to the pres-
sures bullt up within the shroud behind the large spinner.

To elimlnate such extraneous forces, thc combination of blecder
orifices with an adjustable flap ring was first used and this was
later supplanted by a variable scoop for adJjustment of the pressure
inside the shroud., As the variation with V/nD of the pressures at
the several necessary openings in the shroud made it impossible, even
wilth a single model, to maintain cquality of the intornal and static
pressures, the pressurc control device was so adjusted as to equalize
them at the V/nD for maximum efficiency and a shroud pressure run
was made beforc each model propeller test. The thrusts observed
during the latter were subgequently corrected for deviations of the
shroud progsure from the static pressure of the undisturbed stream,

Under these conditions, the spinner thrust corrcctions wore less
than 1 percent of the measured thrust exccpt at values of V/nD well
above or below that for maximum efficiency and they exceeded 3 percent
only with the largc spinner, Moreover, the accuracy with which the
shroud pressures were deotermined cnabled calculation of thc correc-
tions with an accuracy much grcater than that of force obscrvation,
Thersfore the corrected thrusts may be confidently accepted as thoso
which correspond to the existcnce of static pressure over the backs
of the spinners.



RESULTS

The obsorved data have beon reduced to the usual coefficicont
£
forms

C 5
Cyp = .._.?.,.4 Cp = .._.L_ =271 x ¥ Cq = Y. /L
pnaD pn3D ° Cp nD nD 7 cp

o/

Use has also becn made of what will be called tho "thrust power
costfic ent”; it is defined as Cpp = n Cp. The cymbol ACp 18

vaed to represent the difforence between the power coefficient for
the forward (r.h.) and rcar (1.h,) icmbers of tandem com-
binations, that is,

- { -
ACp = Cp (».h,) CP (1.n.)

and i3 thercfore positive when the forward propellcr absorbs more
than ore-half of the total power input,

The reduced numcrical data for all of the tcests are presented
in tables 1 to 42; an index of tables precedes the first onc,

Valies from o representative table have been plotted in figure
7 to illustrate the degrec of agrcemont between the resulis of chock
testas.,

The effects of varying the spinner diamoter in the case of the
5ix-vlade model arse sumarized by the curves of figure G,

The characteristics of seven types of high-pitch propellors -
with spinrers of 0.118D - arc prescnied in the logaritimic charts
(figures 9 to 15), Comparable curves for the same propellers with-
cut spimners also appear in those figurces. IEnvelope efficiency
curves Tfor all but the wide-bladc models are shewn in figurc 16 and,
in flgurc 17, the envelopes which corrcspond to small spinners and
plain blade roots are sup-rimpesecd,

Various charts derived from figures 9 tco 15 will be referrcd
to in tiie following discussion., An indecx of charts follows figure
5.



DISCUSSION

Comparison of large and small spinners. - Inspection of the
curves in figure 8 reveals a rather surprising fact, It is that
small irregularitiss of form at the Junctions of propeller blades
with a spinner may have greater influence upon the efficiency of
that propsller than does doubling the spinner diameter. It there-
fore appears that a fair appraisal of the relativc merits of dif-
ferent spinners can be made only when comparable conditions exist
at the blade roots, Moreover, since the detrimental effects of
such irregularitics increase with blade angle, this discovery has
an important bearing on the design of spinners and blade shanks
(or cuffs) intended for high-speed aircraft.

The superimposed envelope efficiency curves at the bottom of
figurc 8 show that when blade-spinner interference effects arc mini-
mized, the influence of spinner diameter upon efficiency is rela-
tively slight, The small order of the difference betwcen the
efficiencies attained with the large and small spimners will prob-
ably be surprising to the advocates of both varieties, but the
allowable latitude of design indicated by this result cannot fail
to be welcomed,

Although the spinner of minimum diamcter was found to be
superior in the prescnt instance, which involved blades with stroam-
line shanks, there is good reason to believe that this might not
have been the case if the experiments had been made with round-shank
blades, The broad question of optimum spinner diameter thus rcmainas
ungettled, but these results clearly indicated the desirability of
uging the smaller spinner throughout the remainder of this in-
veatigation,

Effccts of spinners. - The effects of adding splnners to model
propellers of seven types are 1llustrated by figures 9 to 15, Be-
fore examining these results in dctail, it may be worth while to
congider the potential sources of gpinner effects upon propeller
characteristics,

First, and most important, the hub of a propeller, when un-
shieldced, cxpericnces a considsrable drag. This neutralizes a part
of the thrust actually produced by the blades and thus reduces the
effective thrust, Suppression of this drag is the primary obJject
of enclosing the hub with a spinner, The r»csultant benefits may be
augmented, of course, by making thc spinner diameter somewhat larger
than that of the hub whon the bladeo shanks are of crude form. How-
cver, 1t should be remembercd that as gpinner diameter increasecs, the




eflects of incrcosrd disk loading and axial velocity tend to

nuilify the bencfits of suppressing shank drog. It is intercsting
to neote that, i the drag coefficient of the hub be considorcd con-
gtant for all operating conditions, the effcct of roducing this
corfficlent would be to increasc the thrust cocfficicnt by an amount
vropertionnl to (V/nD)2., Now, since the thrust coefficionts at
which high-pitch (B = 350 to 650) prcpollers attain their maximum
efiicicneies do not increasc as rapidly as the corresponding valucs
of (V/nD}®, the suppression of hub drag may be oxpect.d to produce
improvements in ¢fficiency which will incroase with the pitch.

Ancther obvicus source of influence is the rcduction of re-
sistance to rotaticn offected by concloaing the hub within a body of
revolution., An approximnte analyels of this effcet leads to tho
antlcipation of o small and uniform reduction of thc power coofficicnt
over the whole operating range, '

Tre third sourc: of spimner cffcects is cqually appurent but tho
congequences cannot be s8¢ readily estimated; it is the alteration of
the distridbution of velocity over the propoller disk, Howevor, this
appcars likely to be of minor Importnnce unicss relatively large
spinnery erc uscd, '

The experimentally determined sffects will now be viewed agninst
this background, Examination of figwres 9 to 15 roveals thot tho
resuite of the additicn of spinners are, in gonoral, to augment the
thruet cocfficicnt by a substantial ~mont, to alter tho power
cocificient almost negligibly and, thercfore, to maintain or Improvo
the efficioncy under all operating conditions. The improvements of
thrust and e¢fficiency incroasc with V/nD - and, thereforc, with
blode anglc - and tho choarnges of power coefficient arc seen to be of
soccndary importance.

Two very signlificant facts are rovenled by the cnvelope effi-
cicnecy curves of figure 16, The firgt is that the efficicncy of a
Guai-rotating propeller is improved less by the addition of a spinner
than is that of the singlc propeller of cqual solidity which has the
some total number of blades., The sccond is that the mognitudc of
the gain in cfficicency due to the usc of & spinncr is very slightly
altcred as the numbor of blades 1s increascd from threc to six.




For case of comparison, cfficioncy emvelopeg for the five mcdols
which incorpeoratc E -pe “‘“”ub are prossnted in figuwe 17, The most
noteworthy characteristic of those curves ig tholr flatness, They
gtrongly recemble the curves predictad by application of thce simple
blads-elcment theory cf o "ropresenmtative clecment.” It ig interosting
to obscrve that hub drag has obscurecd this charactcristic in provious
work done without spimners., It now apooears that thoe usce of vory high
pitch propellers is nct necessarily accompaniced by a scrious logs of
cfficicncy; in fact, it 1is apparent that high-solidity, dual-rotating
propcllers may dcvelop cfficicncics in coxcecss of 85 porcent with blade
anglcs as great as 659,

It is also shown by figure 16 that the apparent superiority of
the dual-rotation arrangem:nt over ths conventional ons is considorably
less whon spinncrs are used thon wag indicated by the results of
carlicr tcsts made with bare hubs, However, it cannoct be too strongly
cmphasized that more comparison of the cavelope c¢fficioncy curves 1s
an entircly inadequate basig for appraisal of the mourits of difforent
propellicrs and that this is particularly ftrue undcr the condition of
congtant-gpcecd operabion. A morc corprchensive mothed of analysis is
oubtlined in the following scection and Turther rofercnce will be modo
te the gucstion of single versus tandem propollors.

Compariscn of constant-gpocd propellors. - Although a contrary
view is somewnat widely held, the advent of constant-specd proacl-
lors has greatly simplificd the problem of selccting the optim
degign for o given sct of cperating conditions,

In the case of the fixed- or controllablc-plich propellcor,
noither the Eiffcl logaritimic chart nor the more frequuntly uscd
"dceign chart" (n and V/nD vs, Cg) yields the dosired rosuvlts
whick, in the final analysis, arc simply curves of available thrust
horsepower versus velocity (tapa vag, V) for cach of tho designs
undor congidoration, Tor any thorough comparison, these curves
should extend over the entire range of operating speod. Unfortunate-
ly, the aforec-mentioned charts cnable dircct comparisons to bo made
vnder only onc operating conditlon, that is, top spoed or climb, As
ig clearly explained in chapter X of reference 6, the only completcly
gatiafactory procedurc is to compute, plot, and compare curves of

thpay versas V  for soveral alternative designs. Tha ncceseity
Tor this laborious procedurc ariscs larg:ly from the wide divergence
in the character of the variations of power (or torque) with rotative
srced among mcdern aircraft englnes., On the other hand, the usc of a
censtant-spoed propeller cnables the cperation of any aircraft cngine
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at constant values of power and rpm at all flight speeds. The
previous complication is thus completely excluded and a nev and
much simpier method of compariscon is made possibie,

A relatively new type of chart is particularly uesaful for
this purpese. Originslly developed for use in a grarhical method
cf performance prediction (reference 7), it ensbles direct com-
parison, under the conditions of constant speed operation, of
carves of ‘thpy, n or nCp versvs V or V/nD for any range
of tlighv speed. The miltiple identity cf the curves and the
simplicity of their preparation are explained below,

To underatand the develommen® of the chart, one has but to
recognize the fact that when a constant-spced propeller is operated
at fixed valuss of power input, rotative speed, and air density,
the variation of blade angle witl alr speed is exactly that required
to maintein the power coefficient (Cp = 550 bhp/pn®D®) at a con-
stant valve, Urder these ccnditions

thp =n bhp =10 Cp (pn®D¥/550) = n Cp (cconstant)

Thie means, simply, tha® the ordinates of the curve of thpg versus
V which corresponds to a particular value of Cp are directly
proportionzl to the values of n which are realized when the blade
angle 18 automatically adjusted so that the same amount of power 13
absorbed at all alr speeds without variation of the rpm.

Such curves of n versvs V/nD can be easily constructed when
contorrs of 1 are superimposed npon a logarithmic chart of Cp
veraus V/nD for a given type of propsller with its. blades set at
various angles, An example is shown in figure 18 where the con-
struction of the curve of 1n versus V/nD for Cp = 0.4 is illus-
trated. It will be noted that proper location of scales enables the
same curvs to define both n and Cpr {(Cop = nCp).

The use cf logarithmic scales also'permits interpretation of
the curves of Cpp versus V/nD ag8 curves of thpg versus V;
this 1s the distinctive characteristic of the original Eiffel
logaritimic propeller chart.* Thus the construction of a family
of such curveg for each type of propeller effectively enables direct
compariscn of the curves ¢f thpy versus V Tor all types under
all conditions cf constant-speed coperaticn.

l15cales for P and V may be correlated with thcse for Cp and
V/nD, respectively, by use of equations (1) and (2) of reference
7.
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Characteristices of constant-speed propesller - Curves of the
kind just describza have bteen preparcd for all of uhe propellers
tested during the present investlgation: they appear in figures 19
to 25. These families have certain common characteristics which
merit special attention. Mest impcrtant, perhaps,; is the definition
of an envelope by each family and the convergence of the curves for
small values of Cp as V/n) decreases, This convergsnce and the
existence of an envelope reveal ths fect that, quite asids from com-
pressibility losses, the thrust produced by a constant-speed propel-
ler at relativeiy low forward speeds and constant rym does not in-
creage continuously with power input. Cn the contrary, with con-
tinous increese of power at fixed forward end rotative speeds, the
thrust (which is proportioral to Cpr) first increases, then luvels
off, and finally declineca very rapidly. Thus, optimun thrust may be
attained at part throttie under certain low speed conditions.

The secondary noteworthy feature is the uniformity of slope of
the left-hand portions of the majority of the Cpp curves {approxi-
mately 45C). The significance of this feature is revealed by re-
piotting one of the familieg of curves to Cartesian coordinates:
figure 26 is such a repiot of figure 2C  The 45° lines of the
logarithnic chart are transformed into ¢traight lines which radiate
from the origin., This rectilinear characteristic indicates that tle
thrust of a constant-speed propeller is practically constant through-
out the take-off run,

A third feature of Importance is also apparent in figure 25; it
is the very flat top which characterizes the Cpp (or 1n) vorsus
V/aD curves for constant-speed propellers, The ratec at which the
efficiency declines beyond the peak is so uniike that for the fixed-
pitch propeller as to completely revise previous idsas of the sac-
rifice of top speed cnforced by the use of a vropelier wiich attains
peak efticlency at an air speed well below the maximun, This charac-
teristic difference may be clearly visuvalized by comparing the n
(or Cpp) versus V/mD curve for Cp = 0.4 in figure 18 with the
efficiency curve for f = 452 in figure 10; both refer to tho four-
blade/olngTe -rotating propeller and peak at approximately equal valucs
or V/nD

Envelope curves of Cpr versus V/nD for propsllers of five
typeas are shown in figure 27, Thelr practical significance will be-
come apparent with further discussion,
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Effects of solidity and dual rotation, - The effects of solidity
and of dual rotation upon the performance characteristics of constunt-
speed propellers are illustrated by figures 30 to 32, In comparing
these curves of Cpr {or 1) versus V/nD, it should be kept in
mind that each group is equivalent to a set of curves of thp, versus
Vv for propellers of five different types, all of the samc diamcter
and all operating under identical condltions of air density, rotative
speed, and brake-horss-power input, Although the values of Cp vhich
have been chosen for comparison (0.3 to 0.6) m.y seem unfamiliarly
large, 1t is emphasized that even this range does not actually include
the upper limit of current design practice, TFigures 28 and 29 will
help to clarify this point.

Figure 28 shows Cp to be a function of hp/D®, Vp (the tan-
gential tip speed) and alr density, or altitude. The relationship
betwecn these quantities is Implicitly expressed by the definitive
equation

Cp = 550 bhp/pen®D°®

The explicit form is obtailned when the product nD is rcplaced by
Vr/n and Opo is substituted for p, that is,

Cp =

Dip 11 {550«
¥ vp® o

The obligue lines of the chart define the sea-lovel values of Cp;
values for other altitudes are obtained by adding to ths ordinates
of the sea-level lines the increments shown on the altitude scalc,
The values of allowable tangential tip speed can be read directly

from figure 29 for any combination of air speed and allowable ro-

sultent tip speed (Vg).

Values of hp/D® currently range from 1.0, for 50-horscpower
units, up to 10 or 11 for engines of the 2000-horsepowcr class, In
the case of a modern fighter, if Vg 18 limited to 900 feet per
gsecond, Vp cannot exceed about 690 feet per sccond when V = 400
miles per hour. With Vp = 690 feot per second and hp/D2 = 10 at
25,000 feet (attainable with turbosupercharging), Cp is found to
be Just about 0.5, This must not be thought an extremc case for,
in designs now under construction, Cp 1s expected to exceed 0.6
at altitude and to approach 0.25 in take-off at scea level, Thus the
curves of figures 30 to 32 corrcspond closely to the conditions of
modern military (and probably future civil) design.
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Preliminary examination of thege curves reveals that the maxi-
mur values of Cpp and n (or thp,) differ relatively little,
The most striking effect of Increaging the solidity of a constant-
gpeed propeiler 1s seen to be the fiattening of the peak and left-
ward displacement of the curve of 71 versus V/mD. It will also be
noticed that, whereas the value of V/mD for nu,, decreases as
the solidity is increased, the curves for single- and dnal-rotating
propellers of equal gclidity peak at arproximately equal values of
V/nD, And finally, it appears that the introduction of dual rota-
tion without change of solidity hes a minor effect upon 1, but
a meJjJor one upon the value of 1 throughout the range of V/nD
below the peak,.

Before discuseing these phenomena in detail, it would appear
that two questions should be clarified., The first is: Are the
effects described above substantiated by full.scale test data or
are they, perhaps, simply exaggerated manifestations of scale effect
at low Reynolds numbers? The second is: If these phenomena cannot
be aecribed to scale effect how can such great variations of ef-
ficiency at fixed values of Cp and V/nD be correlated with the
nmomentwa theory of propulsion which, alfter all, has furnished fairly
reliable indications of the effects of dezign variations up to the
present, put which falls to givs any clue to the cause of the
golidity effects illustrated by figures 30 to 329

The answer to the first question is found in ref:rence 8; com-
parable curves prepared from data contained in that paper are pre-
sented in figure 33, While these full-scale results do not agree
guantitatively with those of the model tests, the qualitative re-
lationships are so strikingly similar as to preclude any reasonatle
doubt of the reality of the phenomena, Moreover, it seems probable
that much of the quantitative discrepancy may be logically ascribed
to differences between the forms of the shanks of the model and
fuil-scale blades; the former were gtresmlined whercas the latter
had circular profiles,

While the bensfits derived from dual rotation may bte attributed
to the reduction of rotaticnal energy losges, the second question
mugt still be answered with respect to the effects of solidity, In
each of the figures 30 to 33 it 1s apparent thac there is wide
divergence between the efficiencies developed by propellers of
various solidities when operating at fixed values of Cp and V/nD.
This is quite contradictory to the momentum theory which predicts
that when Cp 1s constant, n will deperd only upon V/nD. The
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theoreticil relationship is illustrated by the curves designated
T

"idsal efficiency,” or 74, in figures 30 to 33; it is derived
rom the usual definition of "momeatum theory efficiency"

WP _ BoAV?
1l-7 T
by the substitution of nP/V for T, =D%4 <for A, and Cp
for "E“g and can be reduced to the following ferm
on®D
i 1
S {1/3
J o oq !_fgl__!
nD {n(lmn)l

It is now apparent that "digk power loading' is a very unrcliable
index of propeller cfficicncy.
The depcndence of efficiency upen blade, rather than disk,
loadinz is predicted, however, by both simple blads eloment and
vortex theories, To tcst this predicticn, the curves of figurc 34
Lave been prejarcd; they illustrate the variations of 7 with
V/nD for the several types of propeliler under conditions cof cqual
tlade loacding, that is, CP/B = 0.1 (B = number of blades), It is
immediately apparent that the discrepancies between the curves for
gingle-rotating prepellers have been groatly diminished, Even helter
correlation is obtaincd whoen curves of n/nj are plotted in figure
35, Efficiency is thus shown to be ummistakably controlled by blade
loading ¢ven though the limiting, or ideal, value is fixed by disk
loading,

In the light of the foregoing conclusion, the cffects of
golidity upon the performance characteristics of constant-speed
propellers are readily sxplainable., When the values of Cp and
V/nD are fixed, the cffect of adding more blades is simply to en-
force a reduction of the blade loading., Since this can be donc only
by reducing the angles of attack of the elements and, thercforc, the
blade angles, an increas. of solidity is nccessarily accompanied by
a reduction of pitch., The relatively low-pitch propeller of great
golidity thercfore attains its maximum efficiency at a smaller valus
of V/nD than doss the higher-pitch type of lesser solidity - Just as
is the case with fixed-pitch propellers., The improvement of effi-
ciency with increasing solidity at small valuss of V/nD is sim-
ilarly explainable: Since the angles of attack under this condition
are far greater than that for moximwm IL/D, the propeller whose cle-
ments have the smallest angles of attack will develop the greatest
values of T/F (F = elementary tangential force) and, since V/mD
is fixed, will attain the highest value of 7.




Figures 30 to 32 show very clearly that, within the range of
these tests, the effect of solidity upon the maximum sffieiency of
a constant-speed propeller is relatively small. However, it is
worth noting that when Cp = 0,3, the threec-blade propeller cnjoys
an advantage of about 3 percent when compared with the six-blade
type, but that when Cp = 0.6, thc order of merit is reversed and
the values of maximum efficiency differ by 2 percent. The cause of
this inversion is readily traced back to the envelopes of efficiency
veraus V/nD (fig, 17), Since the effect of increasing solidity is
to reduce the value of V/nD for ng.y, the three-blade propeller
develops maximum efficiencies at values of V/nD which, when
Cp = 0.3 to 0.6, correspord to the declining (right-hand) portion
of the onvelope. As the number of blades is incrensed to four and
then to six, the corresponding range of V/nD for np,, moves
progressively toward the left, that 1s, toward the region in which
the envelope curves are substantially horizontal, Thus the maximum
efficiency of the three-blade constant-speed propeller decrcases
steadily as Cp 1ncreases from 0,3 to 0.6, that of the four-blade
type diminishes less rapidly and in the case of six blades the vuri-
ation 1s practically negligible.

In previous comparisons of single- and dual-rotating propellers,
attention has been focused upon the envelope efficicncy curves be-
cause, when no spinncrs were used, these curves diverged so remark-
ably as the pltch became large, The bsneficial effect of duwal rota-
tion upon the thrust at fixed values of Cp and V/nD has been evi-
dent in the results of two previous Stanford investigations (reference
1 and 2) but this has not been specifically distinguished from the
general improvemcnt of efficiency which was characterized by the
marked elsvation of the envelops. The first testes of the tandem
arrangement made with spinners (reforence 8) involved full-scale
blades with round shanks and the results indicated that the advan-
tages of dual rotation were very slight as regards peak efficicncy;
however, attention was called to the augmentation of thrust at ree
duced velues of V/nD., The form of presentation of the results of
the present experiments makes it convenient to examine the effi-
ciency of dual-rotating propellers throughout the useful range of
V/nD under conditions of constant-specd operation and this will be
done for obvious reasons.

The net effect of substituting dual rotation for single rota-
tion is clearly apparent in figures 30 to 32; within the range of
Cp covered by these curves, it is a general improvement of offi-
cilency which 1s relatively small at the peak but much greater at
reduced values of V/mD, It will also be noticed that the magnitude
of the lmprovement increases with both solidity and power cocfficient,
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The source of this improvement is, of course, indicated in a -
general way by momentum theory. Since thrust is produced only by the
creation of axial momentum, the conversion of rotational nomentum into
axial momentum results in a corresponding increase of the thrust ob- ‘
tained with a given power input. However, more detailed information
can be obtained from figures 9 to 12. By comparing the curves which
correspond to single- and dual-rotating propellers of equal solidity,
it will be found that at equal blads angles both the power and the
thrust are augmented by the use of dual rotation,

The reasons for these increasces of thrust and power are not dif-
ficult to find. At a given value of V/mD, the axial velocity through
the six~blade dual -rotating propeller will be substuntially equal to
that for the six-blade single-rotating type because thelr thrustis are
nearly equal, (It may be noted that the slow contraction of the slip-
stream precludes much change of axial velocity between front and reoar
members of the tandem combination,) However, the induced tangential
velocity in the plane of the forward member of the pair will be little
more than one-half as great as the corrcsponding quantity for the sixe
blade single-rotating model because their torques have approximatcly
that ratio, Thorefore the angles of attack of the clements of the
former exceed those of the latter and the thrust and power par blade
are correspondingly increased. In the case of the rear member of the
tandem palr, the torque is known to be substantinlly equal to that of
the forward one. And because the resultant velocities of corresponding
members of the two have practically equal magnitudes, the equnlity of
torque implies approximate equality of the =ffective angles of attack.
This is possible, despitec the inequality of blade angles, because the
tangential velocity produced by the action of the forward member must
largely nullify the self-induced tangential velocity in the planc of
the rcar one and, for the reasons given in the following paragraph,
the result is that the latter's thrust is even greater than that of
the forward member, Thus the torques and thrusts of both members of
the tanden pair exceed half of the corresponding quantities for the
comparable gingle-rotating type.

The increase of efficiency with fixed values of Cp and V/nD
is also readily explainable within the range of unstalled operation.
For this purpcse it will be convenient to replacc the forces on a blade
of the forward member of a tandem pair by those which act upon a “"rep-
regentative element" and- o do the same for onc blade of a comparable
single-rotating propeller. In considering these forces it must bc
rcmembered that, in two-dimensional motion, the rclative force vectors
for a conventional airfoil maintain a substantially fixed inclination
with respect to the relative wind direction throughout the useful rangc
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of Cr. (See refersnce 9,) Now, since the introduction of dual rota-
tion causes & reduction of the induced angle of attack which corrcsponds
to a given blade power loading, the inclination of the relative wind
with respact to the plane of rotation and that of  the resuitant force
vector to the axial direction, must be correspondingly reduced. The
result of ths rotation of the force vector is, of course, to augument the
ratio T/F and, therefore, to improve the efficilency. The samc cx-
planation holds for the rear member of the tandeom pair and the inmprove-
ment in this case is further augmented by the influsnce of the ferward
prcpeller,

Under the conditions of stalled opuration, the dirccticn of the
resultant force on a representative ¢lement ls practically that of a
perpendicular to the chord, that is, when the wind dircction is fixed,
the vector rotates with the profile. (See rcference 10.) The super-
position of this effect upon the cne described in the precceding paras
graph causes the improvement of efficiency due to the tandem arrange-
ment to be augmented as V/mD  is reduced.

Further evidence tending to substantiate the hypothesis that in-
duced tangentlal veloclty is thc principal factor which controls the
efficiency of high-pitch propellors is found in the fact that the power
abgorbed by the forward member of the slx-blade dunl-rotating ccmbi-
nation 1s substantially equal to that of the isolated threse-blads pro-
peller when both have the same blade angle and operate at the same
value of V/nD. This relaticnship is not superficially apparent sincc
the values of Cp for the six-blade dual-rotating type are more than
twice those for the three-blade propeller at all but the highest valuz
of V/nD, However, the power coefficicnts for the forward and rear-
ward members of the tandem pair are not cqual at reduced values of
V/nD and, when values of Cp (r.h.) are calculated from the tabular
data and compared with those for the isclated thros-blade propeller,
it is found that the differences are negligible until V/nD becomes
relatively small, Then the power absorbed by the three-blade propellor
becomes distinguishably larger than that for the forward member of the
dual-rotating combination. This apparcntly indicatcss that the dif=-
feronce between the axial velocities in these two cases has a prac-
tically negligible effect at all but small values of V/mD. It aleo
furnishes convincing evidence of the validity of onc of the fundamental
concepts of the vortex theory of propellers, that is, thnt no upstrzam
rotational flow is induced by a propeller.

Bufore conciuding this discussion of solidity and dual rotation,

‘further attention should be given to the envelope curves of figure 27.

These curves s’mply show the severe limitations which lcow sgolidity and
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single rotation impose unon the conversion of power into thrust,
Thelr implications with reference to the take-off characteristics of
hcavily loaded, high-speed aircraft can hardly be overemphasizcd.

Eifect »f number of blades.- The characteristics of propellers

s s B i K A‘,_

hav1rg Three and iour biades of NACA type £ have been presented in
figures 13 and 10, rcopectively; similar cnrves for comparable pro-
pellers wiich have fever and wider dladss =re siown in figures 15 and
14. The iwo-blade E" end the thrse-bdiade T modela have the same
soliditys the three-dbiade E' and four-blrde I modesls are also of oqual
(tut one-third greatsr) solidity, The ciaractzristics of these same
medels, without spinners and at bisde anglec of 15° to 459, have becn
previously reporited in yafevencce 3,

The characteristics o euch pal“ cf comparable wedels differ so
slightly that the offects of altcring the number of biades while re-
taining o glven solidity can only ?c discerned by Da:qrposing the

curves. To avoid cuifiusicn, a &1L s examnle of such superpcsition )
is prescated in ligure %3, Thore 1t is upparent thait at equal blade

angles ths model with the larger rmmber of blades absorbs the groater
power and Gevelops the greater thruet ot iargs values of V/nD; where- ‘ .
as the veverse is truc vhen V/rw i3 exell, It also appears that the
modcl with the Llorger nwmber of bindes attalng a siightly superior
maximum ef”iciency but that its cfficiency is definitely inferior at
reduced valuce of V/nD. Similar diffeorences characterize comwarabla
curves for both soliditics and for all blaje angles between 35° and
£59; the magnitudes of these difforcences increase somewhat with blade
angle and ave greater in tho casc ol two versus three bliades (small
gclidity ) than trose found when three blades are compared with four
(large ecildity).

V/nD cwrves have been

r-‘ o
()] Cf' [ #4]

o

Thre: gats of Com {and 7)) vors
preparce to illustrats the orfcects oP altering the number of bladc
under vaylious conditione of constant s operation; they appear in
figures 27 to 39, Inspection reveals th at maximum efficiency 1s al-
mest imperceptibly affectzd but that improved stfficiency is obtaincd
at reduced values of V/nD by reducing the number and increasing
the width of the blades

o

;»_.
&

In seeking an explanation feor this somowhat surprising result,
it is worth rsmembering thut the elemcntary vortex theory predicts no
change of efflcioncy with number of blades so long as solidity remains
ualtered. To be sure, the necessity for small "tip-loss correctlons,
wiiich depend upon the number of blades, is reccgnized, but the ana lysus
of Prandtl and Goldstsin {rcfercnce 11) indicate that efficlency will
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improve as thc number of blades increases and that the magnitude of tho
improvement may be expccted to incrcase with V/nD. The presont ro-
sults appear to refute both of these predictions.

It appears to the writer that the observed effects of altering the
number of blades upon the thrust and power in unstallcd operation at o
fixed-blade setting are in accordance with certain basic concepts of
vortex theory. The primitive ferm of the so-called vortcx thecory of
propellers agssumes an infinite number of blades and relates the induccd-
velocity components to the total thrust and torque. In rcality, how-
ever, the induced velocities are controlled by the actual vortices in
the wake and their values atl points of 2 given blade will obviocusly be
more influcnced by the vortex sheet of that blade than by thosge of the
other bladcs. Therefore, if thc strength of the vortices in the wake
of a given blade be increased - as 1s the cose whon the dblade is
widened -~ the induccd velocities at the points of that blado arce necos-
sarily correspondingiy cugmented. Now, sincc the induced velocitics
reducc the effective angle of attack when the thrust 1s positive, it
would secm to follow logically that increasing the width of a blade of
given pltch angle must rsduce the thrust and power cocfficients =o long
ag the blade cleoments remain unstallcd.,

The reversal of the sense of tho thrust and power difrver.ncoen at
reduced values of V/nD (with fixed pitch) is probably the rosult of
a gmaller portion of the wide blade being stalled than is tho case with
the narrow one. It appears that this condition must prevail if tho in-
duced angles o7 attack increas: with blade width. If stalled flow ex-
tends farther out on the narrow blades than on the widc cncs, the [orces
acting upen the wide-blade propeller will, naturally, be grenter.

When the blade anglus arc fixod, the imprevomont of efficicncy
obtained at small valuss of V/nD by rcducing the nmumber of blodes
would "follow. logically 1f the radial ext.nt of stalled flow wore thoro-
by minimized becuvae the ratio T/F for nn ciement i1g drastically re-
duced by the separation of flow. Upon this bagis, an ¢vun greator in-
creagec of efficiency might be cxpocted to occur at a given low value of
V/nD under constant-spoed operating conditions becausc cqunlization of
the values of Cp for thc two models cculd be accomplished only by
making the pitch angles of the narrcw blades greater than those of the
wide ones.

Thus, acceptance of the concopt that induced angles of attack in-
crease with blade width appears to provide the basils for o satisfoctory
explanation of the principal ¢ficcts of altering the numbor of blades
in a propeller of given solidity.
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Peculliaritics of four~blade propcllers., - The envclope cfficiency
curves of figure 17 indicate that four-blade propcllers of both single-
and dual-rotating types experiencc groater losses of maximum efficiency
with increasing pitch than do the corresponding six-bladc models. This
charactoristic might be ascribed to a more pronounced nonuniformity of
disk loading if it were not for the fact that the envelope for the
throu-blede single-rotating propellcr is flatter than that for the com-
parable four-bladc one. When it is noted that the introduction of dual
rotation augments the maximum efficiency of both four- and six-bladc
prepollers by amounts which arc approximately triplced as V/nD in-
creascs from 2 to 4, one might suspect that the apparcnt peculiarily
hod its root in the devclopmont of inconsistently high efficicncics by
eithor the threc- or both six-blade modcls. However, this suspicion
secms to be unwarrantcd because the cnvelopss for the three- and six-
blade single-rotation models are, as might be oxpected, fairly uwniformly
scparated throughout their lengths.

The causc of this apparcnt inconsistency must thorofore be left to
conjecturc - Ior the prescnt, as loast - but recent rcports of unusual
vibration in four-blade propellcrs and the hypothesis that its causc
may be traced to the geomctry of the vortex system may warrant further
investigation of the poculiarities pointed ocut here.

CONCLUDING REMARKS
The results of this investigation indicatc that:

(1) Spinner diamcter is not critical when the propcller bladas
have faircd shanks, but small irrcgularitics cof form ot the blade-
spinner Junctions many have scrious adverse cffccts.

(2) The bencfits dorived from the usc of spinncrs incroase with
pitch and are greater for single- than for dual-rotating propsllors.

(3) The efficicney versus V/nD curves for constant-specd pro-
pellers have much flattor peaks than those for the fixced-pitch type;
they arc practically roctilinear throughout the low-specd range and tho
curves which corrcspond to various power cocfficionts dofince, for vach
type of propcller, a highly significant cnvelops.
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(4) Increasing solidity by incrcasing the number of blades will
enable take-off and climbing pérformnnce to be greatly improved wilth-
out scrious loss of high specd.

(5) Undor prosent dosign conditions, tandem propcllers arc only
slightly suporior to conventional oncs of equal sclidity as regords
high-speod performance but they offer marked advantages in toke-off
and climb. Their superiority under all conditions will increasc os
larger valuce of hp/D? are used,

(6) Reducing the numbor of bdlades in 2 constant-speed propellor
of given solidity has a negliglblo effcct upon the moximum officlency
but a beneficial onc upon low-specd cfficiency.

(7) B'ade power loading (Cp/no. of blades) is o far better
indcx of propeller efficicncy than is disk power loading, Cp.

In vicew of these findings, it is suggusted that propellers of
high solidity offer most of thc advantages horutcfore obtailned by in-
croaging diameter, and thelir usc is rocommendcd Tor the improvem.nt
of take-oftf and climb, It 1is pointud out that thoy promisc cconomiuas
of weight and landing-gear height and that thoy arc particularly
suitable for usc with two-speced drives. Attonticn is also colled to
the now clearly established superiority of the tandum, or dunl-rotaticn,
arrangement. Undor conditions of constant-spocd oporation, this 1s so
much greater than that indicated by ordinary cenvelope cfficicncy curvos
that carly incorporation of such propcllers in high~poworcd, high-spcoed
airplancs would scem Imporative,

Stanford University,
Stanford Univecrasity, Calif,
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Chart Index
INDEX OF CHARTS

( ) - Number of blades
S - Single rotation & = Small spilnner
D - Dual rotation b - Large spinner

39,4

Blade form curves.
Typical test results.
n vs. Cg - (6)S, a and b,

Cp, Cp and n v, V{hD - Eiggz
" " " n " - (6)Da
" " ] " " - (4)Da
" " " " " - (3)Sa
" wow o n " . (3)sa (E! blades)
" L " . (2)Sa (E" blades)

N vs., V/nD - E blade propellers with and without spinners,
Envelope efficlency curves - from figure 16.
Construction of n vs, V/nD curve - constant speed propeller.

C vs. V/nD - (6)Sa
"PT " L - (4)3&
n n " - (6)Da
1" " ” - (4)Da
" " " - (3)Sa
" " " ~ (3)sa (E' blades)
" " ¥ . (2)Sa (E" blades)

Figure 20 transposed to Carteslan coordinates.
Envelopes of Cpp VS. V/nD corresponding to figures 19-23,

Chart for evaluation of CP'

Chart for evaluation of allowable tip speed.
Cpp and 71 vs. V/nD for E-blade models, Cp = 0O43.
"

L L " (] 1t 1] ] CP - 0.4.
" " " L1 " i L " CP - 0.6
L " " full scale propsllers, Cp = O¢4.
Cpp/B and M vs. V/nD for E-blade models, Cp/B = 0.1

noon " L] " " "
n

Cps Cp and m vs, V/nD - (3)Sa and (2)Sa (E" blades).
Cpp and n vs. V/nD for wide-blade models, Cp = O43.
”" " L L " " n " " CP = 0.4

" " ” " n " fn " " CP = 0.6.
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RACA Index, Table 1
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TABLE YO, 1
Six-Blade Propeller Small Spinner
g = 35° Plain Blade Roots
Test No. 1 Test No, 2
V/mD | Cy Cp n Cg V/nD | Cq Cp n Cs

1,648 10,0181 {0,095850.314 | 2,636 1.648(0,0237 |0,0914 {0,428 | 2,662
1,589 .0530] ,1290| .654| 2,396 1.583) .0590| 1369 | .682 | 2,359
1,514} .0815| .1635] 755 | 2.176 1,509] ,0832} ,1669} .752 | 2,160
1,436 ] 1091 ,1942} .8BO7} 1,993 1l.444} ,2082) ,1942] .804 | 2,010
1.380} .1275] .2180| .819( 1,876 1,374} .1297} ,2177] .818 | 1.865
1,307 | «1508) .2379| .829 | 1.742 1.297] .1518| 2389 824 | 1,726
1.241} ,1693] .2560| .820| 1,628 1.,234) L,1711| .25687] .817 } 1.618
1,167} .1899( .2727] .812| 1.515 1.,162] .1915| .2766§ .804 11,504
1,088} .2092]| .2887] 789 1,395 1.092] .2082| ,2880} 790 | 1,401
1,021| .2252] .2986] 770} 1,312 1.020] ,2273}| .3003} 772 ] 1.298

955 .2390| ,3095| .738| 1,210 959 L2374} ,3077{ .740 | 1,216
.894| ,2422| ,3188] «679] 1,126 «8891 ,2419} .3198| 673 | 1.118
.816| .2440| .3213{ .620] 1.026 .819}) .2437| .3208} .622 | 1,029
o760 ] .2442| .3226] 575 +954 787} 2444} ,3219] 574} ,950
L6891 ,2461| ,3244| .523 .864 .688] .2461] .3249] .B2l «861
«618] .2501| ,3295| .469 JT73 «620] .2493} .,3290| .470 776
551} ,2539| ,3339] .418 «687 «552] .2536| 3343} .419] ,688
=487 .2558| 3372] «369 «606 +484] ,2566] .3372] .368 +554

<402} ,2588! 34111 305 +499 .4141 ,25781 ,34081 3131 ,473
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TABLE ¥0. 20
Six-Blade Dual Rotation Propeller Small Spinner
Bpy = 46° Frg = 45.8° Plain Blade Roots
Test No, 50 Test No, Bl
v/nD [ c AC n c
T P P s V/nD Cp Cp ac, n Cg
2.329|0,0635[0,2192 0,019110,568 | 3,154 2.263]|0,0730 |0,2482 0.017210,688 | 3,083
2.241] ,0942} ,2793 0132 .756| 2,891 2,201 .1094| ,3086 .0082( .7680 | 2,791
2.180| ,1220] .3272 .0085] ,806 | 2,702 2,089 ,1476| .3680 .0037| .837 | 2,850
2.082| .l566| .3816 .0031] ,842 | 2.490 2,001} .1725( (4070 .0034; ,848 | 2,400
1,960 .1845| ,4230 |- ,0003 | .865| 2,341 1.902| 2030| ,4470 | - ,0041) .864 | 2.230
1.859| .2151| .4663 [ - ,0034| ,868( 2,160 1,820) .2277( .4815 | - ,0048] .860 | 2.100
1,773] .2404| ,4984 |- ,0079 | .855| 2,034 1,728} .2634| .B115 | - ,0089| .866 | 1.972
1.678( .2622| .521i2 |- ,0088( .844] 1.910 1.638| .2749| .5366 [ - 0137 .841 |1.852
1,5680| .2822| .5450 |- ,0119| .818| 1,801 1,528 .2888( 58565 |- .0177| .794 |1.716
1.493| .2944| .5625 | - ,0213( .782| 1.673 1.446] .2988| .5671 |- ,0273| 762 | 1.620
1.386{ .3010| .5715 - .0308| ,730| 1,550 1,355 .%020| .5705 | - ,0338| ,7168 | 1,515
1.301] .3028] .5730 | - .0354| .687} 1.456 1,238} .3050{ .5725 |- ,0342| .659 |1.385
1.214] .3070( .5745 [ - .0365| .649| 1,357 1,171 .3091| .5765 | - ,0378| .628 |1.250
1.120| .3100| .57956 |- ,0380] .599| 1,250 1,076} .3122{ .5790 | - ,0364] ,580 | 1,202
1.033] .3145{ .5855 | - .0367 .554| 1,148 <966 .3177! 5875 | - 0372| 622 | 1.074
«930) .3200] ,5906 |~ .0397} ,510{ 1,033 .886| .3224} ,5930 | - ,0382| .482 984
«846}) .3238| .5940 | ~ 0393 | .461 939 #7941 ,3276| .,5990 | - ,0426| .434 880
«7751 .3281( .6014 | - ,0404| ,425 +857 .685| ,3327| .6085 | - ,0421| .368 756
«660| 3332 .6120 |- ,0427| ,359 727 «5961 ,3371| .,6200 | = ,0420! ,324 «656
.582( ,3360' ,6210 | - ,04371 .315 .639
TABLE NO. 21
Six-Blade Dual Rotation Propeller Small Spinner
BRB = 56° pm = 53,1° Plain Blade Roots
Test No. 53 Test No., 54
v/nD Cop Cp aCp n g v/nD Cop Cp aCp n Cgy
3.002(0.1814 [0.6612| 0.025010.824 | 3,266 3,03010,1765|0.6420 | 0,0237{0.826 | 3,309
2.889| .2084) .7164 .0198| .842 | 3,091 2,938 (1993} .6965 +015 841 | 3.170
2.783] ,2369| .7658 .0096| .861{ 2,939 2.840| .2256( ,7390 .0090| .859 | 3.019
2.636| .2674| .8180 .0000| .862 | 2,741 2.690| ,2566| ,7990 .0028{ .864 | 2,819
2,522 .2919| .B563 |- .0028| .859 { 2,598 2,562 .2829| .8415|- .0034] .862 | 2,654
2,392 .3137| .8860{~ ,0090| .847 { 2,447 2.4481 ,3067| .8720|- ,0119}| .861 | 2,519
2,275 .3269| .9041|~ ,0220| .822 ] 2,321 2.326| .3262) .90CO|- ,0158} .B841 | 2,373
2,158 ,3328( .9053|~- ,0372| .792 | 2,198 2,210 .3315| ,9080|- ,0275| .807 | 2.254
2,025| .3308} .9009 |- ,0478] .744 | 2.066 2.,095| .3320] ,9015{- ,0403| .772 | 2.137
1,912 .3292| .,83845|- 0536 .712 | 1,960 1.960] .,3300| .8865)- ,0532| ,731 | 2,007
1.791} ,3248 | .8673|- ,0498| .678 | 1.846 1.865| .5296| .8785|- .0529| ,699 | 1,915
1.668[ 3205 .8518{- ,0528| ,628 | 1.723 1,725 .3269| .8615|- .0503| 644 § 1.777
1.560] .3186{ .8426|- .0506| .590 | 1,615 1.600| .3215| .8465|- ,0511| ,608 j 1,654
1,437 3172 .8460)- ,0519| .539} 1,487 1,499 .3195} .8415|- ,0512| .570 | 1.553
1,319 .3139] .8422 - ,0529| .491 | 1.365 1,381 | .3174| .8375|- .0545| .523 | 1.432
1,202| ,3141 ) .8417 |- ,0505]| .442 | 1,244 1,235} .3152) .8375(- ,0526) .465 1,281
1,091! .3156| .8488|- .0485| .406 | 1,128 1,140} .3155} ,8400(- .0496| .428 [1,1el
+989| ,3106 | 8490 |- .0543| .362( 1.022 1,009 .3130] ,8460|- ,0495| .374 |1,043
.847( ,3091| .8522|~ ,0813} .307 874 «914| ,3102! ,B425|- ,0588| .336 «946
.697! ,3115| .86931~ ,0732] .250 .718 «7781 ,3120/ ,85601- ,0678| .284 .802
TABLE NO. 22
Six-Blade Dual Rotstlon Propeller Small Spinner
Bry = 65° Bry = 62.5° Plain Blade Roots
Test No. 60 Test No. 61
v/nD Cop Cp ACp n Cg v/nD Cry Cp Acp n Cg
4,145(0,3139 | 1.531]|0,0347 |0.850 |3.822 4,130 |0,3129 | 1,532 [+0,0354[0.84¢ | 3,805
3.980| .2420 | 1.590] ,0225| .B856 |3.620 3,081 | .2420 | 1.585 L0193} .859 | 3,623
2.820! ,3630 | 1.618! ,0107| .858 |3.470 2,810 .3629 | 1.611 01071 .858 | 3,470
3,636| .3870 | 1.639] ,0000( ,859 {3.300 3,640 | ,3868 | 1.643 .0000| .,8586 | 3,294
3.470| .4075 | 1,655|~.0118| .855 | 3.135 3,460 | ,4078 | 1,651 |~ .0128| .854 | 3.130
3,300 .4172 | 1,645|-.0857( ,838 | 2.968 3.283| .4175| 1.641 |~ ,0300] .836 | 2,975
3,134 ,4165 | 1,614|~,0491{ .809 | 2.850 3,155 | .,41701{1.618 |- ,0500| .813 | 2.867
2,990} .4070 | 1,567|~.0617] .778 {2,730 2,993 | L4073 | 1.565 - ,0653| 779 | 2,739
2.812} .3900 | 1,489|~.0757] 737 | 2.602 2,807 | .3870 | 1.482 |- .Q765) ,733 | 2,600
2.650( .3715 | 1.416|-,0743| ,695 |2.474 2.630| .3692 | 1,400 {- ,0760| .694 | 2.461
2,465 .3493 | 1,334|-.0730| .646 |2.297 2.,462] 3478 1,320 |- ,0778] .642 | 2,323
2,300 ,3307 | 1,267|-.0606| .600 }2.194 2,311 | 33161 1.266 |- .,0710| .605 | 2,209
2.,121] .2966 | 1.181]-.0679| .535 | 2,063 2,180 2082} 1,197 1~ ,0677| .548 1 2,074
1.,975) .28101 1,144}-,0594] .487 {1.922 1,995 .2988 | 1.161 |- .0530| .518 (1 1.934
1.810} .27471 1,115)-.0593( .445 {1.774 1.820|( .2735 | 1.114 |- 06421 ,447(1.784
1.658| ,26001 1,088]|-.0639| .396 | 1l.632 1.643| .2600 | 1,085 |- ,0685| .394 | 1.618
1.515| .2493 % 1,071|~.0648| .352 {1.498 1,486 .2483 | 1,070 [~ ,0685) .345 | 1.469
1.353| .2453 | 1.066]-.0640] .314 | 1.340 1,372 .2443) 1,064 |- ,0660( 315 | 1.359
1,203 .24%0| 1,063|-.0616} 2756 |1.192 1,150] .2443) 1,063 |~ ,0640% .264( 1.139
.996| ,24601 1,073|-,0628] .228 984 .998] .24701| 1,078 |~ ,0667! 229 .985

Tables 30,431,33
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RAOA TABLE WO. 23 TABLE NO, 24 hD1e8 3342¢435,26

81x-Blade Dual Rotation Propeller Small Spinner 81x~5‘ado el Rotation PrOpeller Small Spinner

Pes = = 45° By = 4%,8° Faired Blads Rocts fiug ™ g ™ #2.5° Faired Blade Roots

Test No, 52 Test No, 62

v/eD | Cyp Cp ACp n Ccg v/aD | Cy Cp acp n Cq
2.334|0,0874 10,2090 0,0211{0,641 | 3,193 4,11510,3238 | 1,551 | +¢.0299 |0.858 | 5.7687
2,246 0939 | .2745 .0140{ ,768 | 2,906 3,965} 3489 11,588 |+ ,0161| ,868 | 3.600
2.1858| 1277 | .3319 +0110% .82¢ | 2,890 B3.8221 ,3702 |1,622 |+ ,0088| ,873 | 3.470
2.,058| .l602] ,3850 .0055} 855 | 2,488 3,831 3969 {1,854 {~ ,0032| .870 { 3.283
1.952] .1916( .4318 ,0017| .8686 | 2,310 3,456 ,4147 [1.862 |- ,0150| .664 | 3.125
1.885] .2172| .4650 |- ,0048| .871 |2.188 B.270) ,4247 11,684 § -~ 02351 .84G | 2,955
1,7721 .2405) .4928 |- .0069| .885 | 2.040 ZOAZ1} (422 11.810 |- ,0bB8| .BiD | 2,848
1,674 .2678| .5250 |- .0075) .854 |l.9i€ 2,906 ,413% |1.574 - 0702] 734 | 2.721
1,579] 2869 .5450 |- .0118) .831 [1.782 245041 3082 | 1.406 |~ .0B14} 742 | 2,595
1.482} .2971| .B610 {~- ,0223| .785 |1.684 2.607) 3736 ] 1,408 | - 0748} ,700C | 2.462
1.393| .3047| .6710 |- ,0324| .743 |1.580 Be4ELl| 2547 | 1,334 (- ,0738{ ,65C | 2,322
1.296| .3068| ,85750 |- 03461 .692 |1.450 2.300} .3323 | 1,268 |- ,088C' 604 ! 2,192

TABILR X9, 25

Four-Blads Dual Rotetion Propeller Small Spinner
Bry = 38° Biy = 34.3° #lein Blade Roota
Test No. 41 Teat No, 39

V/nD | Oy Cp acp n Cg V/aD | Cy Cp ac, n Cg
1.646/0,031810,0880 | +0.0022]0,808 | 2.685 1.8171C,0400(0,0053 | #0.002410.894 | 2,500
1.580| ,0623] ,1003 .0017} ,756 ] 2,483 1.641] .G34%) .1228 LCOL5] .808 | 2,348
1.506] 0740 .1335 +0016| .835 | 2.258 1.478] .0828| .1448 20018} ,845 | 2,181
1.453] .0922) .1548 0009 .B83 | 2.080 1.400] ,06%8] .1620 L0007, 861 | 2.014
1,388| .1090} ,.1718 .00056] ,861 11,9830 1,333 .1175f .12068 | - .0018| .867 | 1.878
1,300 .1241| .1894 +Q0000| .852)1.810 1.271) ,1314] 1938 - ,0006| .863 1,764
1.,227] .1390) ,2006 |- ,0011] .850 1.692 1.200f .14685] 2080 - ,0018] .B46 | 1,643
1,182) ,1544| .2134 j- .0024| .842] 1.583 1.18%] .1sg2} .2182} - .0026| .83€ | 1.524
1,088) .1885] .2222 | - ,0020) .824 | 1.4€6 1.082f 1787 .2270 | - ,0040] .820 | 1.424
1.018] .1799| 23817 |- .0037] .701] 1.362 990! ,1868| ,2350 | - .0037| .783 | 1.323

.955| .1886| .2390 ! - ,0040! .754]1.271 219! .1944] .2437 ) - ,00511 ,733 {1,220

.887| .1960| .2451 |~ 0066} .709 |1.175 «882{ .1973| .2471 - 0080} ,888 | 1.139

«836] .1983} .25601 | - ,0089! .666 | 1.104 .794] .2002| .2620, - ,0086f .631 | 1.046

,752] .2017] .2541 |- .0100! .566 - 920 .711] 2034} .2647{ - .Q100| .508 938

.883] 20431 .2B690 | - ,0104{ ,53% .892 .847| .2086] ,26881 - .0100| .518 848

.826| .2047| .2808 { - .0Q100| .489 .87 .678{ .,2097} .2620 | - ,0102]| ,463 758

.568] .2002| .2860 |~ .0104| .447{ .740 5281 2139 2665 - ,0104] .422 | .688

.4831 .2142| ,2873 |-~ ,0107} .387 829 .451' 21881 ,2728 ' - ,0108( .362 588

.420] ,2183| ,2732 |- .0107' .336| .548

TABLE NO. 26
Four-Blade Dual Rotation Propeller Small Spinner
pRK = 45° ﬂLH = 43,8° Plain Blads Roots
Test No., 38 Test No, 39
v/mp | c, Cp acp 1 Cq v/ | Gy p acy " Cq

2.321/0.0408]0,1491 { +0,0139(0,835 | 3,308 2.283{ 0,0810)0,16887 ! 0.0119(0,691 | 3,265
24240| ,0670] ,1961 0099 ,785 | 3,100 2,198 ,0757| .2120 0109} 785 ) 3,000
2,181| .0868{ ,2285 .00765| .817 | 2.888 2,089 ,0967| ,2451 .0088| .830} 2,773
2,086| .1070| .2607 .0068| .844 | 2.690 1.990) .1193; .277¢ «0084{ .856 | 2.570
1.947| .1200| .2012 .0044| .864 | 2,492 1.9021 .1389] (3004 0041} .860 | 2,420
1.864| .1480| .3172 40017} ,858 | 2,349 1.800) .1578| .3267 .00241 .868 | 2,264
1.762( .1683] ,3390 L0000 889 |2.1%0 1,724 .16807 .3404 .00121 .868 | 2,140
1.763| .1680| ,3382 .0003( .860 | 2,181 1.827) .1837; .3583 0012 ] .834 | 2.000
1,674] .1799| .3563 .0024| .,845 | 2,080 1,828, ,.1939) .3711 «0054{ .796 | 1.861
1.880| .1908{ .3708 +0061| .814 |1.9186 1,441 1988} .3763 0118 .7681 | 1.765

.0088] 776 }1.806 1.343f .1994{ .3760 0136 | ,712 {1,635
1.384f .2002| ,3790 .0132( 731 11.879 1.243| .2021] .3805 «0115] ,660 | 1.506
1.,290| .2007| .3843 .0129| .673 {1.561 1,170} .2044{ .3805 .629 | 1.418
1.140f .2080| .3845 .0128] ,608 {1,380 1.089{ .2068| .3822 «0115) .B77 | 1.295

[ 1 S DO T N T D I I Y I
.
o
P
©
©

1.206] .2042| ,3821 L,0138| .643 | 1.48C .266| .2118| .3883 01211 .524 | 1.156
1,020} ,2006| .3861 0l22! 554 | 1.234 .880| .2144| .3914 0122 | ,482 | 1,083
«932] .2122| ,3896 L,0126] .808 { 1.12¢8 J796] J2146! (3931 0120 | .43) 962
838} .2152| ,3909 0148 ,481 {1.008 L7041 L2176} .4033 0114} .380 .848
«766] .2178| .3977 .0162| .419 922 JE17] 21741 4078 «0140 1 329 139

«668| .2196| .4073
564" ,2208{ ,4169

.0161] 366} .788
L0191 ,2981 .671
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NACA Test No. 44 Tables 37.28.39.30
V/nD Cop Cp ACp n Cg

2.95910.1208 |0.4449] 0.0268 0,803 ] 3,473
2,883| .1382| .4730 0221 } .B30 1| 3.345
24774} 1541} .5095 «0194 | .8391 3,170
2.832] .1735| .5428 0135 | .841 1 2,975
TABLE NO. 27 2.507] .1933} .6687 0091 | .8521 2,801
2.408] .2033| .5840 .0049 { .838 ] 2.682
2.2781 .C238} 6015 .0032 | .809} 2,520

2,156} .2167} .6013 .009 - .
Four-Blade Dual Rotation Propeller 2,044 2161} .5930 ,0132 .;ZZ g.ggg

Bpy = 55° Py = 53.1° %.312 2144 | .5799]- 0160 | .707 | 2.132
.758| .2103 | .5635|- .016¢ | .671 | 2.017

sT:in g;{mmr 1,600 .2101} .5596]- .0161 | .635 | 1.898

Plain Blade Roots 1.557| .2079 | .56562|- 0167 | .583 | 1.752

1.476} 2062 | 5486
1,350 2054 § .5460
1.215] .,2057 } .5494
49961 2985 | 5512
.8811] .1992 | .5602
<7821 .1990 | .5634

20173 | .555 1 1,665
.0161 | .508 | 1,526
.0166 | .455 | 1,370
<0164 | ,38C | 1,123
<0195 | .312 2920
0217 ) 276 8786

TABLE NO, 28
Four-Blade Dual Rotation Propeller Small Spinner
Pgryg = 66° Bry = 6245° Plain Blade Roots
Test No. 47 Teat No, 83

v/nD Cp Cp 8Cp n Cg ¥/nD Cop Cp 8Cy n Cg
4.195 10,1898 | 1.012 | 0.0636 0,786 | 4,190 4,127 |0.1959 | 1,018 | 0.05470.794 | 4.119
4,078 | .2041 | 1,039 .0498| .802 | 4,049 3.950! .,2156 11,048 .0445| .812 ) 3.914
3,940 | .2158 | 1,056 0436} .805 | 3,901 3.8101 .2320 | 1.070 0374} .B22 | 3.764
3,730 | .2367 | 1.082 0325} .816 | 3.6878 3.623] 2485 |1,085 .0297] .830] 3.569
3.587 | .2516 | 1,005 .0220) .824| 3.522 3.430] .2617 11,082 00741 .829 ] 3.382

3.421 | .2620 | 1.100 01321 .815 | 3,356 3.280] .2672 {1,080 .0021} ,810 | 3.237
3.230 | .2683 | 1.085 .0011| ,799 | 3.182 3,138 .2699 1,062 201071 .796 | 3.107

3.110 | .2650 | 1,063 | -~ .0L34] ,775] 3,079 2.968 | 2606 {1,020 | - ,0205] 773 | 2.962
2,895 | .2523 | 1.009 | - .0205] 724 | 2.892 2,790} .,2475} .965 |~ .0222| .716 | 2.815
2,710 | 2395 ] .945 |~ .0226) .687 | 2.737 2,628 .2348 ) .913 |- ,0266| .876 ) 2.678
2.598 | ,2296 | .909 |- .0242| .656 | 2.650 2.447] .2218 } .862 | - 0233 .629 | 2,520
2,399 | .,2085} .838 |- .0302] .597 | 2.488 2,2901 .,2111] .BR26 | - 0201} .585 ] 2.382
2,242 .1963 ] ,799 |- .,0275] .551 | 2.350 2,130} .1847 | .761 | - L0361 .517 | 2.251
2,083 ,1785| .758 | - 0346} .491 | 2,206 1.991) .1851 | 752 | - .0276f .490 { 2.110
1,900 ] 1729 | .732 |~ .0289| .449 | 2,025 1.815} .1732 | .723 - .0300} .,435} 1.938
1.714] ,1620{ .711 |- .O311] .390} 1,834 1.642( 1615 | .709 | - .0190] .374] 1.759
1.563}% ,1540}( ,700 {~- .0270| .344| 1.677 1,500| .1566 | .697 | - 0179 .337] 1.614
1.435( ,1540) .703 { -~ ,0196] .314| 1,538 1,345 1565 | .696 | = .0200f .303] 1.447
1.259 | ,1537 | 899 { - .0205| .277 | 1.351 1,205 ,1572 | ,700{ - .0147| .271] 1.293
1,096 | ,1585 ] .707 |- .02181 ,243 1 1.174 .985, .1681 | ,702 1| - ,0169) .222| 1.066
TABLE NO. 29 TABLE NO. 30
Four-Blade Dual Rotation Prop Small Spinner Fcur-Blade Dual Rotation Prop Small Spinner
pRH = 48°" ﬁLH = 43,.8° Faired Blade Roots fp. = 85° By = 62,5° Faired Blade Roots
Test No. 40 Test No., 45
v/nD Cn Cp acp n Cg V/nD Crp Cp ACp n Cg
2.34910,0289{0,1281 | +0.0108 [0.530 | 3.545 4,176 10,1943 | 1,032 | 0.047310,786 | 4.162
2.253| .0590) ,1823 | + .0080| ,730 | 3.164 3.990 | 42135 |1.062 .0400} ,802 | 3,950
2.178] .0757| .2110 |+ ,0083| ,781 | 2.973 3.837 | .2307 | 1,090 0346 .812 | 3.775
2,070} .09968] .2467 | + .0055| .836 | 2,740 3.655} .2487 11,106 .0215| .822 | 3.546
1.,951) .1247| .2840 | + ,0020| .857 | 2.513 3,464 .2621 {1,109 .0108} .819 {3,359
1,865 .l446| .3130 | + ,0007{ .862 | 2.357 3,292 | .2693 {1,105 |- ,0011( .802 {3.192
1.771F .1643] .3350 |+ ,0014| .869 | 2.210 3.151] .2683 [1.080 |- 0119 | .783 | 3.077
1.682] .1790| ,3500 |- ,0021] .860 | 2.076 2,989 | .2621 }1.043 | - .0194] .751 | 2,960
1.589] .1895| 3630 |~ ,0059| .830 | 1.950 2.9810) .2483 | ,985 | - .0237| .708 |2.819
1.486| .1985] ,3730 |- ,0085| .791 [1.813 2,685 ] .2325 | .933 |~ .0334) .669 | 2,722
1.396] .1999| 3730 | - 0133 | ,748 | 1,704 2,637 | .2294 | .920 |~ .0320| .658 |2.684
2,457 | 2129 | .867 |- .0287| .603 |2.531
2,295 ] .1940 | ,812 |- ,0364| .548 |2.390
2,152 1 .1829 | ,764 |- ,03521 .515 |[2.878
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NACA TABLE NO. 31 Tables 31,33,33,34

TABLE NO, 32
Three-Blade (E) Propeller Small Spinner Three-Blade (l) Propeller Small Spinner
g = 85° Plain Blade Roots g = Plain Blade Roots
1
Test No. 66 Test No, 68
v/nD |. Cp Cp n Cg V/aD | Cq Cp n Cg
1.,65410,024810.0662(0.620 {2,845 2,3130.,0365 |0.,1226 [0,688 | 3.514
1.578| .0418| .0863| .764 | 2,575 2,234 ,0496| ,1465| .756 |\3,280
1.520| .0852| .1023| .820 |2.401 2.151| .0650| .1723| .812 |'3.050
1.438 ) .0702| .1185| .852 |2.204 2,050 ,0789| 1913} .,846 | 2,850
1,365( .0827| .1318| .857 | 2,050 1,960( ,0946| .2151| .,862 | 2.660
1,311 ] 0913 | +139C) .861 {1,949 1.859]| .1090| ,2340| .866 | 2,481
1.234| .1044| .1495] .862 |1.805 1,776 .1205| .2480 | .864 | 2.363
1,162 1142 ,1577| .842 |1.683 1,667] 1324 .2603 | .848 | 2.184
1,097 | .1243| .1651] .826 |1.,571 1.578| ,1362| ,2700| 797 | 2,048
1.027 ] 41320| «1710§ .793 {1,460 1,482] 1374 2697 .754 | 1,924
«950| .1345| .1773] .720 {1.342 1,387| .1386| ,2696| .713 | 1,803
.8881| .1358| .1777] .679 |1.254 1,297| .1391} .2706} .667 | 1.682
816} .1366| .1791] .622 | 1,149 1,209| 01408 2711 .627 | 1,566
760 | 1380 | ,1820] .577 |1.069 1,114| ,1415] ,2720] .579 | 1.443
.689| .1404| .18368| .527 «967 1,030} .,1436] .2762] .535 | 1,333
«621] .1420| .1863] .473 869 «935) .1452| 2775 .490 | 1,197
564 ] 1444 .1897] .430 786 .,854| .1465| .2805| .446 {1,100
4751 +1484| ,1935]| .364 +«659 7761 21489 .2845| .407| .998
.409| .1508| 1973} .313 565 «663] ,1516} .2911 .346 843
1,625 ] 0381 | 0744 .722 | 2,733 .541] .1540{ .2968| .281 .690
1,543 | .,0508) ,09682| .8168 |2,465 2,284} ,0420| 1318} 729 | 3.421
1,484 ] ,0633} .1103| .852 | 2,307 2,190} ,0593| ,1614| .805 | 3.153
1.403 | 0764 .1241| .863 |2.132 2,083 .0762| .1875| .846 | 2.910
1,336 | .0886] ,1365| .864 |1,993 1,994 .0892| ,2071 | .860 | 2,731
1,271} .0976 | .1450| .856 |1.873 1,902| 1031 2275 | .864 | 2,560
l.202] ,1100| .1541| .858 {1,748 1,801} ,1158| .2416| .864 | 2,394
1,126 ] .1207| .1623] .S38 |1.619 1,720 .1264| .2546 | .856 | 2,261
1,065 1285 .1671| .819 |1.523 1.625| .1347| .2662 | .824 | 2,116
+9901 .1360 | +1733] .775 |1.407 1,529} .,1370| 2709 | 775 | 1.986
2918 | .1363| .1780| .704 |1.295 1,456 13801 .2709| .743 | 1.891
.8621 ,13651 ,17841 ,659 |1.216 1,3381 .,13921 ,2710| .695 | 1,747
TABLE NO, 33 TABLE NO. 34
Threo-Elade (E) Propeller Small Spinner Three-Blade (E) Propeller Small Spinner
B = 55° Plain Blade Roots p = 65° Plein Blade Roots
Test No, 70 Test No. 73
v/nD Cop Cp n Cq v/nD Cp Cp n Cg
2,990[0,0951 [0,3455| 0,823 | 3.703 4,100]0,1516]0.7860 {0,790 | 4,305
2.847| .1098| .3731} .838| 3.421 3.965) .1603| .7994| .796| 4.151
2,740 .1206} .3900f .848 | 3,306 3,816 .1730] .8140| .812| 3,970
2.615]| .1320| .4095] .843 ] 3.113 3.,650| .1813| .8270| .800 | 3.797
2.,486( .1452| ,4260f .B848| 2,946 3,466 | .1877| .8220| .792 | 3.585
2,374| .1524] .4390| .B24| 2,797 3.,290| .1860| .8055] .759 ] 3.436
2.,257| .1E24| .4369| .787| 2,663 34,121 .1801| .7700{ .730 ]| 3.289
2,136] .1519| .4310f .752 | 2,525 2,992 .1744| 7440} .701| 3.176
2,082| .,1499| .4220f ,717| 2,402 2,788 .1636] .6920] .659 ] 3,000
1.911] .1471)] .4122| .682| 2,282 2,634} .1554| .6550{ .625| 2.869
1,768] .1445| ,4020| .636 | 2,126 2,490 .1487}) .6250| .592 | 2.735
1,651 .,1430] .3975| .594| 1,985 2,2731 .1399] .5910| .538 | 2,523
1.543] .1428§ .3953| .557 ] 1.859 24120 .1340f .5669] .501 | 2,374
l.424| .1417{ .3930| .514] 1,716 1.965] .1164} .5318]) .430| 2,228
1,308} .1412% .3908| .472{ 1.579 1,803} .1118{ .5179| .389 ] 2,055
1,192] .1411) ,3925] .429{ 1,447 1,630 1018 .4990]| .333 ] 1.872
1.077f J1396| .3968f .380| 1.298 1.491] .1014| .5000{ .302] 1,711
+983} 13781 .3950f .343} 1.182 1.343] .0997| .4960] .270 | 1.543
834 1373 .3960] .289 ] 1.002 1.138} .1042| ,5000] .237{ 1.306
oB877] «1375]| 3970] .234 +815 .988 ] .1044| .4990] .206 | 1,135
3,036] .,0909( .3340{ ,.826|( 3,787 4,150] .1494} .78081 .789 | 4.358
2,935] ,1C09| .3570| .830| 3,612 4,020} .1577) 7940 .798 | 4,213
2,812] .,1147| .3815| .847| 3.408 3,890} .1664] .8090f 800 | 4,085
2,658] .1273| .4017] .846 | 3.192 3,710 .1775| .8190] .805 | 3.860
2,859 ,1386] .4166] .851] 3,045 3,543 | .1858| .8200| .8B03 | 3.685
2,437 .1475] .4285] .839| 2.882 3,372 .1883| ,8160] .778 1} 3,510
2,308] .1530| .4400] .803} 2,720 3.208] .1834| .7910| .743] 3.363
2,189) .1622| .4330] .769| 2.587 3,050} .1780| .7585| .715 | 3,230
2,072F ,1515] .4248] ,739| 2,457 2,862 .1684| ,7110| .678 | 3,062
1,949f ,1480) .41400 .6971 2,324 2,742 ,16131 ,68201 .648 1| 2,961
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NACA

TABLE NO. 35 TABIE No‘sgableﬂ 35q56q37’38
Three-Blade (E') Propeller Small Spinner Three-Blade (E') Propeller Small Spinner
g = 35° Plain Blade Roots B = 45° Plain Blade Roots
Test No., 74 Test No, 75
v/nD Co Cp n Cg v/nD Cp Cyp n Cgq
1.640[0,0353|0,0867]0,668 | 2,675 2,143|0.0835|0,2190{0,817 | 2,902
1,580} ,0521| .1066} 772 | 2.476 2,038| .1013| .2480] .831 | 2,690
1,502 ,O705| .1290) .821 | 2,264 1.950| +1181| .R726] .844 | 2,529
1.426| .0868| .1467} .838 | 2,096 1,837| 1354} ,2946| .B44 | 2,348
1,353] .1012| .1624] .844 | 1.947 1.760| 1490} .3121] .840 | 2,223
1,208 .1132] .1745] .843 ;| 1.841 1.,665| .1641)] .3304| .827 ] 2,081
1.229( .1273] .1874} .835|1.717 1.576| .1726] .3438| .792 | 1.954
1.187| 1406} ,1975| .816 | 1,600 1.473] J1771] .3500| .745]| 1.819
1,091 .1520] .2079| .798 } 1,495 1,390 ,1788| .Z520f 706 | 1.714
1,018 .1641| .2166( 772 | 1.382 1l.286| ,1829| .3540| .664| 1.583
.947] .1721| .2260] .722 ) 1.275 1.,199] .1846| .3560| .622 | 1,475
.885] .1751] .2308]1 .672 ]| 1.186 1.,118] .1881| .3601] .584{ 1.373
.824] .1775] .2332] .627 | 1.103 1,020 .1919)] .3650| .537 | 1.249
.751] .1819} .2353| 580 | 1,003 .944| .1965] .3710| .500 1} 1,152
+683| .1842| .2410] .522 . 908 .844| .2010| .2765| .451] 1.028
.617] .1888}7 .2432]| .478 819 <7701 .2028] .3797] .412 «934
558 1904} .2458| .433 743 .6571 .2070} .3868] .352 794
.475} .1988] .2509| .376 627 +543] .2100| .3950| .389 +653
.414| ,2012} .2586| .321 +542 2,320| .0472] .,1601] .684 | 3.343
1.605] .0449] .098l] .734 ] 2,653 2,229 .0662| ,1917] .770 | 3.098
1.532| .0629| .,1206| .799 | 2,341 2,272} J0567 1 (1744 ,749 | 3.224
1.,470| .0778] .1372] .834| 2.188 2.188| 0770 ,2089| .806 | 2,993
1,391| .0948] ,1553] .849 | 2,018 2,081} .0933| .2359| .824 | 2.778
1.327| .1064; .1674| .843 | 1.898 1,998 .1108| .2604| .850 | 2,617
1,268} .1211} .,1815| .B39 (| 1,769 1,894 .1262| .2816| .B48 | 2,443
1.,195) .1332] .1915| .832 | 1.661 1,805| .1418| ,3034| .843 | 2.292
1,116) .1474} .2032] .809 | 1,535 1,717| 1554 .3208| .832 | 2,160
1,059 .1581] 2120 .790] 1,445 1.625| .18670| .3340| .812 ] 2,026
.9851 ,1689]| .2218} .7501} 1.330 1.526| .17531 .3503| .763 | 1,884
TABLE NO, 37 TABLE NO, 38
Three-Blade (E!') Propeller Small Spinner Three-Blade (B!') Propeller Smell Spinner
p = 5&° Plain Blade Roots = 65° Plain Blade Roots
Test No. 76 Test No. 77
v/nD Cp Cp )| Cg v/nD Cp Cp n Cg
2,97410,1216/0,4367|0.829 | 3,509 4,1150,1811 | 0.9668]0,771 | 4,148
2,860 ,1325( ,4640| .817 | 3,329 3.943] <1921 .9870| .768| 3,951
2,753| 1463 .4892] .824| 3,169 3.810] .2032| 1,0020| .774| 3.810
2.625| .1615] .5115{ .829 | 2.995 3.623] 2165 1.0120| .,775| 3.619
2.494| .1768| .5343] .826| 2,828 3,463 .2280 1} 1.0200| .774| 3.456
2,376| .1882] .5530] .809 | 2.675 3.280] .2307 | 1,0180| .746 | 3,267
2,265 .1915] .5600F .775| 2.546 3.100] .2240 .9810f .708| 3.106
2.142| .1930] .5575] .742{ 2,420 2,950] ,.2163 .9356| .682 | 2,988
2,017| .1922] .5491} .707| 2.275 2,791} .2075 .8900| .651 | 2,885
1.900| .1913| .5415| .6711 2,147 2.618| .2002 +8500| .617 | 2,697
1,772] .1916| .5342] .636| 2,008 2.441} .1935 .8160] .579] 2,541
1.646} .1916] .5289f ,597| 1,868 2.274| .1882 .7890{ .542 ] 2,385
1.539 .1915| .5270} .559 1,747 2,122] .1811 +7590] .506 | 2,247
1.421) .1927] .5260] .521} 1.614 1,950] .1696 .7280} .,454 | 2.080
1,312 .1934] .5278| .481f 1,489 1.811| .1650 7110 .42 1.940
1.197] .1950f .5305] .440{ 1,357 1.644] .1620 .7030{ ,379 ] 1,764
1.,075] .1969{ .5370] .394| 1,217 1,510] .1608 .6970| ,348 | 1.623
L9907 .1977] 5410} .362} 1,118 1.343| .1611 .6910| .3131} 1.448
.841] ,1978] .5405f .308 950 1,139| .1616 .68801 .2681 1,229
J732] .1978] .5410] .268 «827 .976] .1600 .6800| .230 ]| 1,054
3.028] .1112] .4212] .799| 3.600 4,181} .1778 .9678| 767 | 4.210
2,900 1265 .4560] .804{ 3,390 4,030] .1875 .9800} 771 | 4.046
2,800} ,1406| ,4760f ,828}] 3,242 3,870 .1986 «9940) 773 | 3.874
2,665 .1562] .5059¢ .823{ 3,051 3.675| .2133| 1,0130| 774} 3,671
2,560| .,1700) .5262] .824| 2,899 3.530] .2238 | 1,0190| .776] 3.519
2.427| .1839f .5480| .814| 2,738 3.370] .2320§ 1.0210} ,766 | 3,360
2.310] .1903f .5580} .788| 2,596 3.196] .2281 | 1.0000] 730} 3.196
2,203} .1928] .5611 .757] 2,472 3.,039] .2218 .9630] ,700 | 3.066
2.,082] .1927| .5535] .725| 2.344 2.865] .2123 .9150| ,.665 ] 2,917
1,946 .1914 ,54500 ,.683) 2,199 2.6971 .2035 .8690| .831 | 2.778




w-g4

Raoa TABLE WO, 39 TABLE No.4oTo01e8 39,40,41,42

Two-Blade (E") Propeller Small Spinner Two-Blade (E") Propeller Small Spinner
g = 35° Plain Blade Roots = 45° Plain Blade Roots
Test No. 67 Test No. 69
v/oD | Cq Cp n Cg V/nD | Cg Cp n Cs
1.638[0.0225/0.0568]0.649 | 2,904 2,540]0,0237]0,0964 [0.576 | 5.734
1.579| .0338| .0700| .758 | 2.690 2,240| .0415] .1272| .731 | 3.384
3.507| .o466| .0860] .816 | 2.461 2.169| .0532| .1443] .805 | 3.200
1.427| .0608| .1031| .s41 | 2.250 2,057| .0892} .1703| .836 |2.031
1.354 .o732| .1158| .es8 | 2.084 1,955 .0822] .1902] .s844 | 2,721
1.298( .0816} .1239| .858 | 1.973 1.855| .0958| .2088] .ss1 |2.539
1.227| .0928| .1350| .43 | 1.833 1.762| .1084| .2248| .850 | 2.3578
1.160| .1023| .1a28| .e32 | 1.715 1.675| .1183) .2370| .836 | 2.833
1.089| .1145] .1521| .819 | 1.588 1.600| .1276| .2455| .a32 | 20117
1.022| .1233| .1576| .s00 | 1,480 1.503| .1362| .2555| .801 |1.973
c948] .1333| .1e2s| .776 | 1,362 .279| .1399| .2650] .728 | 1.799
.886| .1370| .1734| .700 | 1.258 1.299} .1205| .2678| .es1 |1.691
817 .1394] .1769| .644 | 1.154 1,207) ,1419| .2679] .639 | 1,571
754 .1413| .1785| .597 | 1.064 1,121} ,1454| .2708} ,602 | 1,457
‘6pa| .1452| 1818 547 | 980 1.018] .1494] .2766| .550 |1.316
.620| .1500| .1ims8| .s00 867 «929( ,1522] .2826| 503 [ 1,196
‘sez| J1520| 1s03| las1| .ves .844] .1569] .2871| .a61 |1.083
.496| .1568| .1951] .299| .ess T e756) L2607 .2908| (418 | 968
.410| .1e06| .200s| .328| .565 -672) L1659] .2965) .372 | .858
1.618| .0264| .0616| .693 | 2.824 ,+557| .1689) L3042 309 | 707
1.532| .0421| .o0s02| .802| 2.536 2.2861 .0347) .1149] .690 | 3.525
1.465| .0835| .o937| .e3v | 2.353 2.217} 0459 .1336| 761 | 3.319
Yiaoal ool Seor| 537 2.252 2.097| .0826] .1622| .809 |3.037
. . . . . 162
1.327| .o762| .1186] .852 | 2,033 2.0001 .0704| .2793| .B46 | 2.834
Yool RSl ieg| 5oz 2.0%3 1.e98| .o002| .2005| .854 | 2.617
12200| cooast e1sacl 5%z} 1-o32 1.805| .1025| .2178| -850 | 2.449
1.121] .1003| .14e2| .826| 1.645 1.720f .1131| 2301/ .846 2,305
1'ocs| ‘118e| ‘1o4:| lo13|1lcse 1.637| .1238| .2421| .837 | 2.177
“Ooal iioel local t3aalie538 1.527| .1352| .2581| .818 | 2,012
aoel 3Z2el losal 1mesl1lais 1.445] .137g| .2631| .757 |1.893
° ° * ¢ ° 1.346] ,1409| .26721 .709 11,754

TABLE NO, 41 TABLE NO, 42

Two-Blade (E") Propeller Small Spinner Two-Blade (E") Propeller Small Spinner
B = 55° Plain Blade Roots p = 85° Plain Blade Roots
Test No. 71 Tegt No, 72
V/oD | Cy Cp n Cq V/nD | Co Cp n Cq
2,982|0,0802 |0,2952 [0.810 | 3.808 4,105(0,12920.€925 |0,768 | 4.421
2,872] .0929| .3220 | .829 | 3,604 3.,940| .1385| ,7085( ,770 | 4.220
2,748| .1071| ,3430| .858 | 3,408 3,780| .1486| ,7210| .780 { 4,045
2,620] .1161| ,3845] .834 | 3,210 3.611( ,1680} ,7315) ,781 | 3.849
2,495| .1297| .3833| .844 | 3,019 3.4301 .1694} ,7390| .786 { 3,650
2.370] .1407| .=088 | .836 | 2.846 3,265| ,1761| 7370 .777 | 3.463
2.270| .148s5! 4100 | .82z | 5.715 3,090 .1748 .7329| .737 | 3,201
2.144| .1497| -a185| 787 | 2.8551 2,970| .1692( .7185] .702 | 3.178

2.803| .1605]| .6720] .670 ! 3,033

2,005 ,1471} 4100 ,719 | 2,398 2.601| .1516| .6330| .623 | 2.848

1.883] .1460| .4039| .679 | 2,260 2,468 ,1470| .6105| .594 | 2,722
1.777} .1470f .3981| .656 { 2,136 2,280| ,1413| .65850] 551 | 2,538
1.652] .1464] .3570) .609 | 1.986 2,159| .1383| .5715) .522 | 2,418
1.537] .1471} .3972| .569 | 1.847 1,975 .1349| .ss80| .477 | 2.220
1.422] .1480( .3992| .527 | 1.708 1.810| .1316| .5430| .439 {2,045
1.311| .1494] .4000] .489} 1,575 1.633 .igg% .gggg .ggg i.sgg
. . o4 1,442 1.5 . . . .
i‘ggi .igii ::823 .4§é 1.300 1,355 .1247| .5235] .322 [1,541
.962| .1556| 4096 .366 | 1,151 1.199f ,1256] ,5200) .289 | 1,367
848 .1563] .4120] .322] 1.013 .980] ,1238| .5185| .234{1.117
4,151 ,12B2| .8870] .756 | 4.479
+718| .1567( ,4120{ .273] ,.858 4.040| .1323| .6965| .768 | 4,343
3,010] .0787) .2919} .812] 3.853 s.860] .1440] 7120} .781 | 4,130
2.920] .0863] .3069| .822 ) 3.708 z.700| .1830] .7230| .782 | 3.952
2,796 .0997| .3544| .833 | 3,487 z,539| ,1645| .7391| ,788 | 3,762
2.661) .1128| .3571] .848| 3.273 3.362] ,1740| .7438| 787 | 3.567
2,553 .1229]| .3760| .834| 3,107 3,190 ,1783| .7371] 774 | 3.391
2.425] ,1349] .3920] .834| 2.925 3,032| L1744 .7289| .726 | 3.235
2.314 ,1445| .4062] .825| 2.777 2,865 .1645| .6910}| .682 | 3,086
2,195 .1500| .4158i .792| 2.614 2,693 ,1555! .6480| .,647 | 2,935

2,071 .1487| .4143] 743 2,469
1.94¢ .1474| .4080] 703} 2.331
1,848 .1468| .4035] .6721 2.215




Figs. 1,2

nner. (Filleted blade roots)

Figure 2.- Six-blade propeller with large spinner. (Apertures closed)
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Figure 3.- Six-blade dual-rotation propeller with small spinner.




Figure 4.- Small spinner - plain blade roots.

Figure 5.- Small spinner - filleted blade roots.




Figs. 8,7
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Figs. 8,9

RAGA
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E}gs. 10,11
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Pigs. 18,17

SIX BLADE -DUAL ROTATION

FOUR BLADE - «
SIX BLADE - SINGLE ROTATION

FOUR BLADE - »
THREE ‘BLADE - »
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Figs. 18,19
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Figs. 30,31
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Figs. 33,23
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Figs. 24,25
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Pigs. 26,27,38,39

6 7 8 910

Vy (788 FTs820)

V;/100 =

Figure 39.~ Chart for evaluation of Vg,
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Figure 28.- Chart for evaluation of Op.
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Pigs. 30,31,33,33
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